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L-PGDS lipocalin-type prostaglandin D synthase 
PGH2 prostaglandin H2 
PGD2 prostaglandin D2 
COX cyclooxygenase 
GSH glutathione 
ROS reactive oxygen species 
NOX NADPH oxidase 
ITC isothermal titration calorimetry 
NMR nuclear magnetic resonance 
ΔH enthalpy change 
Kd dissociation constant 
nbs binding stoichiometry 
ΔG Gibbs free energy change  
ΔS entropy change 
CSP chemical shift perturbation 
HSQC heteronuclear single quantum coherence 









ptÇdsJODotIt D ºÿƻŰ(L-PGDS)Ś/21[1]	L-PGDS 
!À®ľ }ęŞųŭǗŒŃ_VƅƃǖĲ}	ƏĴ8qcj
tĢ 2 ŊŕÎÓÆ1ƎœƦ0(Fig. 1A)ƅƃǖĲ} Ǝœ
Ʀ Ů 10ǜ5°+1[2-4]	L-PGDS !SHÉ5Ă¯ºľ ÓÆy8o
AWtƼňĕ dsJODotIt H2 (PGH2)
/řŗƞŒľƦ1ds
JODotIt D2 (PGD2)$ ŋû¯´ú5ƛÑ(Fig. 1B)/ưæ 























ƠŪÏǄ{	0L-PGDS ƻŰ ġƀ ƚč!ôĕ , 














Ē¥»×2ph?pt1	L-PGDS ! 189  8j[Ƽ.0
Ĝÿ2	0£Ò  3 CysĥÉ(Cys65, Cys89, Cys186)5Ă
1(Fig. 2)	  Cys89 Cys186! β]rq ÍIJqb9WŴº5
ðÿ1	 £Ò IJqb9WŴº!&6 ph?ptb7j
puƎœƦÓ2	0ph?ptƎœƦ ţĜƱ Õ×¯Ü{
1	vČCys65! L-PGDS )ƕ¢21 CysĥÉ0Cys65












 L-PGDS ,v ġƀĝŌĩû£ÒŴº1
č/
1	vƉŔph?ptb7jpuƎœƦ!ph?pt
b=uqW¾"21 8 Ĕ β-JVotWĜÿ21 β ]rqĜƱ£Ò
ƹŸ1ǁ α-epRCJĜƱ5ē	0(Fig. 3B)β]rq  ƹ
rQ[:W(Fig. 3C) Ųǁðŀ Ōĩû£ÒĿŋŔŴº1
[11-13]	
in vitro śš.0L-PGDS ! PGH2- PGD2
£Ò ¯ÔĜƱ-Ïŋ1rQ[:W-`pq`t`pfqI




















Figure 4. (A) L-PGDS ţĜƱ ĞíÅ (å: side view, ¸: top view)	β-JVotW
5ǋƊα-epRCJ5ƧƊqudǒÈ5ĻƊƑŝ1	8 Ĕ β-JVot
W.0ÿ1]rqĜƱ5ĂÇŔph?ptb=uqW5ðÿ1	(B) L-
PGDS  cavity  ǌǊhTtHnqÅ	L-PGDS  cavity !£äðŀ5
Ă1	ħƪŔƘĩŔ cavity xƹ5 pocket 1ŌĩŔ cavity ëƹ5 pocket 2
¾61	(C) L-PGDS  ƑǎǌǊhTtHnqÅ	ģǊƋ ǒÈ5ǋƊƥǊ
Ƌ ǒÈ5ƧƊǊƋ ǒÈ5ĻƊƑŝ1	 	
	 7 
ÎĢĚŜĨǚĭ	.# X ŵŴđĜƱƚė5ŇĜƱŅľÔŔśš
.0L-PGDS ,ph?ptb7jpuƎœƦĿē1 8 Ĕ β-JV
otWğŀƺŸðÿ21 β ]rqĜƱ5ðÿ1Ê½2
1(Fig. 4A)	β]rq ƹ!Ōĩû²#Ƙĩû 2 hERVǒÈ5
¼* ph?ptb7jpuƎœƦ!ƕ/2Ï cavity ÓÆ





L-PGDSīŘû 8js:W βgdQWǗƘ¿ûŴº(Kd = 20 nM)
8js:W β gdQW jJb=uqU9tD5ǅ¡ǈðÿ5ǆÚ
1Ê½21[18]	L-PGDS !8qS\:iuŐüż8qS\:
iuŐmUqi;J ³Č źċâÆ1	 . L-PGDS 





Óû 11-EVƸƻŰ!Ņľİû5Ă 9α-11βdsJODotIt F2 (9α-11β-




1ƒƻŰŅ 	 PGD2 ĺìƠŪ-8rqBu ŏüñ
Ǐ5{1Ż/21	/NADPH»ĝ Ųſ Ƹ¨1D




NADPH! L-PGDSŴº PGD2 ņ¢5b9uW]RC§ö1·ƀ
ûŻ/2	
L-PGDSŌĩû£ÒƫƯOt^CƦb7jpu
ã1+L-PGDS NADPH .Ƙĩû£Ò ŖŇś
	 8 
š!2(Ê½2	 
vČL-PGDS  ´úġĜ5ƚč1+ƌż ã1śšÙ!Ě
ŜĨǚĭ(NMR)5ŇƴǉÇ L-PGDS ķĲĜƱ(PDB ID: 2E4J)	.# L-
PGDS ÉƦÕ×ƞß1 U-46619 ƓºķĲĜƱ(PDB ID: 2KTD)5Ī×






















ťŤ!L-PGDS ÉƦ Õ×ƞß1 U-46619  Ɠº ţ
ĜƱ!XŵŴđĜƱƚėĭ5ŇĪ×	õ/2ƓºĜƱ} U-








ťvŤ L-PGDS NADPH ŖŇƚė 
ťvŪ žĐ 
êơƮ%.NADPH !NADPH Óû 11-EVƸƻŰ ƒƻŰ
Ņ 	 PGD2 zİû¯ƵşǄ{1č/

1	/Ƹ¨1 GSH !L-PGDS  ƻŰİû5ēýË­1





Figure 6. NADPHNADP+NADH	.# NAD+ ¯ÔĜƱí	 
	 11 
NADPH!Ņ  ĝƻŰ ƒƻŰŅÿ£ ŅºÿùƔƼ
¯ƸŇ ò«5ĂºÿƁŽƼJTs:W Ņºÿƍľ-ŬƦ
ƁƦ ƢŇ  ƽƔƼ¯Ƹ´úǄ1č/

1[21]	(NADPH!YGQt8jWƒƻŰ¾"21	
YGQt8jWƒƻŰ!ƸÇ NADPH	.#Ƽ¯Ç NADP+ƸÇ NADH
	.#Ƽ¯Ç NAD+ 4ŠǓ £Ò1(Fig. 6)	 









Ǆ{1Ż/21[24]	NADPH!NOX ÉƦ ROS ņ¢
Ǆ{	0Š ŏü	ñǏ5²'1Ż/21[21]	 







/ L-PGDS ĘƤŇ £Òl?YKk5ƚ
č1+Ľ¬ÔŔ	.#ĜƱŅľÔŔƖļ
/L-PGDS NOX É
Ʀ1 NADPH  ŖŇƚė5Ɛ	ħƪ +ŦĵĹ×ĽƿĶ×





ťvǐ L-PGDS NADPH ŖŇ Ľ¬ÔŔƜ 
 êơƮ%.ƾŅÇ L-PGDS!8j[Ƽƺ¤ Ŀ÷3 







/Cys89  Cys186 5 Ala ŸĆÌŋ 
Cys89,186Ala L-PGDS	.#Cys655AlaŸĆÌŋ Cys65Ala L-PGDS
!ƻŰİû	.#Ōĩû£ÒŴºİûƾŅÇħ%ÏÌ¯
ŝ21 [7,15,16]	Cys89,186Ala L-PGDS 	.#
Cys65Ala L-PGDS5Ã ITC	.# NMRśšŇ	 







% Ŵºƥ auCƙĶ2nbs 
/Ŵºħ 1:1  ŒĽ´ú
1č/
	Cys89,186Ala L-PGDS  Ľ¬Ô^oluO	.#ƚ
ǉ×ĉ(Kd)5Ũ¢3NADPH !ƚǉ×ĉ(Kd) 47 µMBcKƈň<
ZqBuÌ¯(ΔG) –5.9 kcal/mol<tOqauÌ¯(ΔH) –4.5 kcal/mol<tVs
auǐ(–TΔS) –1.4 kcal/mol 	ΔH –TΔS !ƥ 
1
/NADPH L-PGDS Ŵº´ú!ΔH–TΔS,Ŵºē¦
	(NADP+!Kd 370 µMΔG –4.7 kcal/mol0Ŵº



















Table 1. L-PGDS"5834')9-%(# 
 








Cys89,186Ala NADPH –1.13 1.0 ± 0.1 47 ± 6 –5.9 ± 0.1 –4.5 ± 0.3 –1.4 ± 0.4 
 NADP+ –0.78 0.9 ± 0.1 370 ± 40 –4.7 ± 0.1 –5.8 ± 0.6 1.1 ± 0.7 
 NADH –1.45 0.8 ± 0.2 320 ± 70 –4.8 ± 0.1 –6.2 ± 0.7 1.4 ± 0.8 
 NAD+ –1.20 n.d.c  n.d. n.d. n.d. n.d. 
Cys65Ala NADPH  1.0 ± 0.0 20 ± 2 –6.8 ± 0.1 –4.0 ± 0.4 –2.8 ± 0.3 
 NADP+  0.7 ± 0.0 210 ± 25 –5.4 ± 0.1 –7.9 ± 1.2  2.5 ± 1.3 
 NADH  0.7 ± 0.2 210 ± 3 –5.4 ± 0.0 –6.4 ± 1.3  1.0 ± 1.3 
 NAD+  n.d.c  n.d. n.d. n.d.   n.d. 
 





'NADH#*Kd 320 µMΔG –4.8 kcal/mol#NADH$ L-PGDS)ȉ
êȻòŊ* NADP+$ìǮĸ#:NADPH $Ơ."¤"ΔH $–




.:4Cys65Ala L-PGDS$ 4ǯʛ)bO[Au`ȵɷȃ) ITCȉêĞʠ
5ȯCys65Ala L-PGDS)ĄêNADPH$)ȉê#*Ƚʍĝŭ(Kd) 20 µM
KmUȟǌFdKĊÖ(ΔG) –6.8 kcal/molFYkĊÖ(ΔH) –4.0 
kcal/molF_kʗ(–TΔS) –2.8 kcal/mol#NADP+#*Kd  210 µM
ΔG  –5.4 kcal/mol$&9ȉê'žÊ& ΔH (–7.9 kcal/mol)7,ȉê'Ê&–
TΔS (2.5 kcal/mol)ȼƶ;NADP+$ L-PGDS)ȉêFYkʟÔÿ#
:$=)8'NADH#*Kd 210 µMΔG –5.4 kcal/mol#
NADH$ Cys65Ala L-PGDS)ȉêȻòŊ* NADP+$ì#:NADPH














ǹʗ L-PGDS$ NADPH$) NMRƺĝȉêĞʠ 
L-PGDS ) NADPH ȉêɵ£>ìĝ:4'NMR ƺĝĞʠ>ȯ






















Figure 8. L-PGDS'ĥ" NADPH (A)NADPʨ(B)NADH(C)7, NADʨ(D)>




bO[Au`ȵɷȃ)ȉê'¡	 L-PGDS)éƛĂ) 1H$ 15N)ÖĘR
l_²)ĊÖ(CSP)>AueɸɶÇ'ĥ"M~l'(Fig. 9)ƒƸ³į>
σ $"I`)ȉê'7: L-PGDS )ÖĘRl_²)ĊÖč)




Figure 9. NADPH(A)NADP+(B)NADH(C)7, NAD+(D))ƲÑ'7: L-PGDSÖ
ĘRl_²ĊÖƓɜ*L-PGDS )AueɸǐèȐɜ*ÖĘRl_ĊÖɼ(CSP)
CSP = {(ΔδH×WH)2 + (ΔδN×WN)2}/2#ĊÖɼ>ȿǼč&ĊÖƛĂ(CSP 
≥ 2σ)>ɖȤ#ȱǦǮĸ)ĊÖƛĂ>ʣȤ(2σ ≥ CSP ≥ 1σ)#ȱǦ




Table 2. ÖĘRl_²čĊÖƛĂ$Ǯĸ)ĊÖƛĂ 
Ligand Residue number (CSP ≥ 2σ) Residue number (2σ ≥ CSP ≥ 1σ) 
NADPH Phe55, Leu62, Thr82, Leu84, Arg85, 
Asn87, Glu90, Thr91, Ser114, Asp142, 
Phe143 
Ser50, Arg56, Ser109, His116, Ser117, 
Gly135, Thr136, Lys137, Gly138, Lys185 
 
NADP+ Phe55, Arg56, Leu62, Arg85, Glu90, 
Thr91, Ser109, Ser114, His116, Gly135 
Ser50, Thr82, Leu84, Thr106, Ser108, Ser119, 
Thr136, Gly138, Asp142, Phe143, Lys185 
NADH Ser45, Ser50, Phe55, Leu62, Cys65, 
Thr82, Arg85, Glu90, Ser109 
Ala46, Ala49, Arg56, Ser81, Leu84, His116, 
Ser117, Lys185 




Figure 10. NADPH(A)NADP+(B)NADH(C)7, NAD+(D))ƲÑ'7: L-PGDS Ö
ĘRl_²čĊÖƛĂ(ɖȤ)$Ǯĸ)ĊÖƛĂ(ʣȤ)> L-PGDS )
Ǵ¥Əɨ(PDB ID: 2E4J)#Ǧ 
	
	 22 
8'č&ĊÖ(CSP ≥ 2σ $ 1σ)ȼĤ;ƛĂ>;; L-PGDS 
)Ǵ¥Əɨ't\kMbO[Au`ȵɷȃ$ L-PGDS $)ǜ§
Ǌɵ£)ìĝ>ȯ(Fig. 10)NADPH)ȉê'7:ÖĘRl_²)ĊÖ
č)ƛĂ*(CSP ≥ 0.23 ppm)' β-T_~` C, DCD-nEF-
nGH-n7, H2-o\LT'ķÆİ"(Fig. 10A)1
NADP+#*ÖĘRl_²)ĊÖč)ƛĂ*(CSP ≥ 0.13 ppm) 




Ă*(CSP ≥ 0.13 ppm)*β-T_~` A, B, C, DCD-n7, H2-o
\LT$ɷȃƪŊŇ#: Cys65 ɡ) β gɵ'ʌ"
(Fig. 10C)ŲNAD+)ƲÑ)ĄêβT_~` C7, H2-o\LT
':ŭ°)ƛĂ>ʈ+č&ÖĘRl_²)ĊÖȼĤ;&)





ǹʗ L-PGDS$ NADPH$)ȉêʘĀ)ȖĤ 
ITC ƶĝȉƈL-PGDS * NADPH $ľNADP+7, NADH $Ľ
ȉê:$=)NADPH'ĥ: L-PGDS) Kd* 47 µM#9





4B,C) [15]NADPH 'Ơ." NADP+¤ȉêȻòŊ>Ǧǆǌ$"
NADP+)bO[Au`Ǉ)ƙʎȧ$ȉê cavity )ɵ)ƙʎȧ>ŝ A
ueɸƛĂ)ʃ)ʑʎáǔ:$Ȗ
8;[26]ŲNADH$ L-PGDS
) Kd* 320 µΜ#9NADPH$ L-PGDS) Kd 47 µM$Ơɝ"ȁ 7±Ľ
ȉêȻòŊ>ž:$Ŷ8)'&NADH )ÖĘƏɨ*ĂƁǗ'
* NADPH $/$?%ì#:A^eR)cLG[`) 2'£*
ɸĂ#*&i`JRĂ#:(Fig. 6)L-PGDS )Ǵ¥Əɨ#*I
`ȉê cavity ' ))ąĂŊƛĂ:4L-PGDS * NADPH )
2'-rTɸĂ$ȉê:$#:$Ȗ
8;: 












NADPH* L-PGDS) cavity)ɵ'ȉê:$Ǧ;(Fig. 10)
#79Ʉȅ& NADPH )ȉêƐĺ>Ŷ8)':4`\JMRu{






ȋȿ²> Table 3#Ǧ 
 
 
Table 3. L-PGDS$ NADPH)ȉêx^)ȋȿ² 
 
HADDOCK score  –95.0 ± 6.6 
RMSD from the overall lowest-energy structure (Å) 0.7 ± 0.1 
Van der Waals energy (kcal/mol) –23.3 ± 8.8 
Electrostatic energy (kcal/mol) –434.7 ± 58.4 
Desolvation energy (kcal/mol) 8.8 ± 15.0 
Restraints violation energy (kcal/mol) 112.4 ± 77.53 





)ȻƢǗ& pocket 1'ȉê"(Fig. 11A)Cavity'" NADPH)ȉ
êɵ£*łɣ)ĂɔɆħ¥)ȉêɵ£(Fig. 15)79ƭ£ȓ#1




NADPH ) 2'-rTɸĂ*β Üäðôå FÂ His116ªÊÄ GH-òõê
	
	
Figure 11. NADPH $ L-PGDS )ȉê`\JMx^NADPH >ʣȤ)Cz




Â Lys137 ½¨µÎÈp 2 Å ¼;²»¨Í¥Æ¸¤β Üäðôå D Â Lys92 ªÊ
Ä ΩòõêÂ Tyr63Ã NADPH )bO[Au`Ǉ½p 3 Å ¼;²»ªÌ¤
NADPH )bO[Au`Ǉ)À²»¨Íy8¬h±Î¸(Fig. 11C)¥
°ÂîãòÃ¤ITC½NMRt)¡ÂtD½Ê®¹»¨¸¥±ËÀ¤Table 3ÊÌ¤ȉ
êx^)ʑʎFdK*–434.7 ± 58.4 kcal/mol#l@^T
7,ȝƹĔòFdK79č$)8ʑʎFdK L-PGDS $
NADPH)ǜ§Ǌ>ũɶ":$Ǧô;)ȉƈ*ITC'7









«ȡñư$'NADPH $ L-PGDS ) Kd * 20~47 µM #9
NADPH$ NADPHGJRZW) Kd 40 µM$ìǺ#:$Ŷ8)'&
[29]&=L-PGDS*NADPH'ȉê:$'79NADPHG
JRZW'7: ROS)ǈœ>ƴĩ:$#ǪȈȅȚ>­ɏ:æț




ǹǵ L-PGDS $ĂɔɆħ¥)ȷê¥)ƏɨȽƆ 
ǹǽ șź 
ĿǡǱğ#*;1#ƊǥơÀʢƧ>Ǌ"ɬʍÿ L-PGDS )ƹƯƏɨ
(PDB ID: 2E4J)7, L-PGDS$ĂɔěĝɆħ¥#: U-46619ȷê¥ƹƯƏ
ɨ>ƥĝ": (PDB ID: 2KTD) (Fig. 4) [15,30]ɬʍÿ L-PGDS $ L-
PGDS/U-46616ȷê¥)Ǵ¥Əɨ>Ơɝ:$'7"I`ȉê'¡
 cavity ɵ)ƏɨĊÖɗI`>Õ2ɠ37	&Əɨ>$:


























ǹʗ L-PGDS$ U-46619ȷê¥)ȉŻƏɨƥĝ 
ǍɊȗ*tDT L-PGDS )ƪŊŇƛĂ Cys65 > Ala 'ȓŦĊǑ¥
>Ǌ"Cys65Ala L-PGDS$ U-46619$)ȷê¥)ȉŻÖ>ȯL-PGDS
)čɼǔǅ7,ǿȶCys65Ala L-PGDS/U-46619 ȷê¥)§œ7,ȉŻ
Ö)Ʉȅ*Ğʠʗ'ɀŽȆǗ' 0.05 mm×0.05 mm×0.2 mm)ƌǃ)ȉ
Żń8;(Fig. 13 ç)ń8;ȉŻ' "öŘ^Y)ƶĝ>ȯ
ȉƈŽʡÆȽț 2.531#) XȎöŘ^Y>ń:$'œÐö
Ř¸)©>Fig. 13'ǦöŘ¸)Şŭ>ȯǲʃȔ*ÛŰŻȀC2







Figure 12. PGH2 (Į)$ U-46619(ç))ÖĘƏɨU-46619*PGH2) 9£)ɸȃÞĕ
(ɖȤ)>w[Ă(ʐȤ)'ȓŦ5)#;ċ)ɵÆ*PGH2$ì#: 
PGH2 U-46619 












Data Collection  
   Beamline SPring-8 BL38B1 
   Wavelength (Å) 1.00000 
   Exposure time (s) 15.0 
   Oscillation width (º) 1.0 
   Resolution (Å) 50.00-2.53 (2.57-2.53) 
   Space group C2 
   Unit-cell parameters (Å, º) 
a = 65.423, b = 44.948,  
c = 104.797, α = γ = 90.000, β = 
90.106 
   Unique reflections 10429 
   Rmerge a 0.054(0.388) 
   Completeness (%) 99.7 (100.0) 
   Average I/σ (I) 34.70 (4.27) 
   Redundancy 3.7 (3.7) 
Refinement  
   Resolution range (Å) 2.53(2.78-2.53) 
   R factor/R free 0.231/0.285 
Ramachandran plot  
   Most favored regions (%) 95.0 
   Disallowed regions (%) 0.0 
a Rmerge = ∑hkl ∑i | Ii (hkl)-<I(hkl)>| / ∑hkl ∑i Ii (hkl), where <I(hkl)> is the average intensity 
of reflection hkl and symmetry-related reflections. 
Values in parentheses are for the highest resolution shell. 
	 31 
ÆĕȓŦƧ>Ǌ" 165 ƛĂ 153 ƛĂ)x^ƏǾ'œÐȿǼ
;ʎĕģĸt\n'"L-PGDSž:ǂņǗ& cavity)ɵ(pocket 
1)'Ŷǟ&I` U-46619ǌƅ)ʎĕģĸǤɅ;(Fig. 14) 
ǹʗ L-PGDS$ U-46619ȷê¥)¾¥Əɨ 
ń8; Cys65Ala L-PGDS $ U-46619 ȷê¥)¾¥Əɨ> Fig. 15 'Ǧ
L-PGDS*9Ɓ) β-T_~`(A, 41-50; B, 65-71; C, 77-84; D, 89-98; E, 
104-108; F, 115-124; G, 128-138; H, 141-150; I, 177-179))8&: βgƏɨ
7, 3Ɓ) α-\LT(H1, 36-39; H2, 53-61; H3, 158-170))8Əœ;"
β-T_~` D) NƀǶ'Ėü": Cys89)´ɿ* βg)ċ
´'Å"9)ɡ'*L-PGDS) CƀǶ'ɡ Cys186£ȓ"
Cys89 $ Cys186 * β g)ċ´#STlB`ȉê>ŀœ"
(Fig. 15A)1ɷȃƪŊŇ#: Cys65>ȓŦ Ala65*β-T_~


















Ėü:ƎŊƛĂ(Lys92, Tyr107, Ser109, Ser112)7,ȥʝŴƛĂ(Trp54)'ş
1;:7	'Ĺ,")	β-T_~` E ) Tyr107 *α ɿƀ
Ƕ)HrJRĂ$ 2.7 Å)əʍ#ţɡ":$)8Tyr107U-46619
) α ɿƀǶ)HrJRĂ$ǜ§Ǌ":$Ǧô;1
U-46619 ) ω ɿ)ðɟ'*i`JRĂ>ŝ ƎŊƛĂ(Ser45, Thr67, 
Ser81, Thr147, Tyr149)ʌ"9ɷȃƪŊŇ#: Cys65> Ala'ȓ
ŦƛĂ Ala655ʒĳ'ɡ£ȓ'ωɿ) 15£)ȻƢŊ)i`
JRĂ52.7 Å$ 2.3 Å)ƢȃȉêəʍÁ#gÁɵ)ƎŊƛĂ Thr67
Tyr149$;;ʒĳ'ţɡ":$)8Thr677, Tyr149 15£
)i`JRĂ$ǜ§Ǌ":$Ǧô;8'U-46619)
óǇ*gÁɵ'Ėü:ʒƎŊƛĂ(Leu96, Val118, Leu131, Met145)#
ã9ø1;"(Fig. 15B)1NƀǶ]ʘĀ) 25ǐʮ34ǐ) 10ƛ
Ă(Gln25, Gly26, His27, Asp28, Thr29, Val30, Gln31, Pro32, Asn33, Phe34, Gln35)
7, EF-n'Ėü": Pro1107, His111'ĥň:ʎĕģĸ*
¤4;8)ɵ£)Əɨƥĝ*#&)(Fig. 15A)NMR'7:ǡ









:)>ɉ.:4Cys65Ala L-PGDS/U-46619ȷê¥ÿƏɨ$ Cys65Ala L-
PGDSɬʍÿƏɨ(PDB ID: 2RQ0) [32]>Ơɝɬʍÿ$ȷê¥ÿ)Əɨ)
ɺ(ê=ù(Fig. 16A)79ȷê¥ÿ$ɬʍÿ#* β gʘĀ)Əɨ*
/$?%ĊÖ"&CD-nEF-nH2-o\LT7, H3-
o\LT)ʘĀ#ƏɨčǑ&"9ɬʍÿ#* β g)ċ´








EF-n'Ėü": Trp112 *(tDT#* Ser112)ȜȘɸ)ȉê'7
" cavity )½9å>ʁ"ȥʝŴm\S>ŀœ"[33]





















8'Cys65Ala L-PGDS/U-46619 ȷê¥Əɨ$ Cys89,186Ala L-PGDS/U-
46619 ȷê¥Əɨ[30]>Ơɝ;8)Əɨ)ɺ(ê=ù(Fig. 17)79
β gʘĀ)Əɨ*/$?%ĊÖ"&β-T_~` D )ʘĀ#
ƏɨǑ&"9Cys89,186Ala L-PGDS/U-46619ȷê¥Əɨ#*βg
)Á´'ʁ:7	&Əɨ'&"9Ų#Cys65Ala L-PGDS/U-
46619 ȷê¥Əɨ#* β g)ċ´'ʂƏɨ'ĊÖ":$Ŷ
8)'&;*β-T_~` D) Nƀ´) Cys89$ L-PGDS) Cƀ
Ƕ'£ȓ: Cys186ʃ'STlB`ȉê:4β-T_~` D β
g)ċ´'Ļ;4$Ȗ
8;1U-46619)ȉêʘĀ*ì
 β g)ɵ#Ǒ&:Ɛĺ#ȉê"Cys89,186Ala L-
PGDS/U-46619 ȷê¥Əɨ'"U-46619 *EF-n#*& CD-
n)ɡµ'Ėü"(site 2)8'Cys89,186Ala L-PGDS/U-46619ȷ
ê¥Əɨ) U-46619 )óǇ*ɷȃƪŊŇ#: Cys65 'ʒĳ'ɡĄ
ŕ'£ȓ"Ųö) Cys65Ala L-PGDS/U-46619ȷê¥Əɨ#*
















¥ȉŻÖ)I`$"Ǌ U-46619 *9 £)w[Ăċ*Ĝ¾
' PGH2$ìÖĘƏɨ#9ɷȃƪŊʆĠƐĺ5ǷêʆĠ#:[15]Ń
"L-PGDS/U-46619 ȷê¥Əɨ) U-46619 )ȉêƐĺ*PGH2  L-
PGDS 'ȉê":ǃŐ$ʒĳ'ɡ$Ȗ
8;:ǡǱğ#*;1#
ƊǥơÀʢƧ(NMR)>Ǌ"ɷȃƪŊ>ŝ Cys89,186Ala L-PGDS $ U-
46619ȷê¥ƹƯƏɨ(PDB ID: 2KTD)>ƥĝ":(Fig. 17) [30])&
8öń8; Cys65Ala L-PGDS/U-46619ȷê¥Əɨ# U-46619*
ŵ' NMR #ƥĝ; Cys89,186Ala L-PGDS/U-46619 ȷê¥)Əɨ$ì
βgÁ) cavity )ɵ) pocket 1 'ȉê")pocket 1
Áɵ#)ȉê£ȓ*Ǒ&"(Fig.17)öń8;ȷê¥)Ǵ¥Əɨ'
"Ăɔ)ɷȃáň>ä:F`qGJR`Ă*Ala 'ȓŦ





L-PGDS * U-46619 'ĥ" 2  )ȉêPC_>ŝ $>ăï":(ŗ
ǰƸ¶)8'Žɡi_ L-PGDS$ PGH2) 11£)ɸȃÞĕ>w[
Ă'ȓŦĂɔěĝɆħ¥#: U-44069 (Fig. 18A)ȷê¥)ȉŻƏɨ























Figure 18. (A)ĂɔěĝɆħ¥U-44069)ÖĘƏɨ(B)Wild-type L-PGDS/U-44069ȷê¥Ə
ɨU-44069*ʐT]B\L#Ǧ(C)1: Wild-type L-PGDS/U-44069ȷê¥Əɨ(ʐ

















L-PGDS ¾¥Ǘ'OhL_&Əɨ'&:;'¡Ăɔ) ω ɿ7
,óǇ βgÁɵ'"ǓƢŊǜ§Ǌ#ş1;site 1'ȉê:
(Fig. 19-2)L-PGDS )Ăɔ PGH2*ƠɝǗƉɛ&Æĕ#9α ɿ$ ω ɿ
*óǇɵ£'ĥ"ƠɝǗȟǌ'Ôö:$#:)łĂɔ
) α ɿɷȃƪŊŇ Cys65 'í"ǭÔƢȃȉê7,ǓƢŊǜ§
Ǌ'7"¾¥ site 2'úĝ;:(Fig. 19-3)Ăɔ¾¥úĝ;$
áň>ä:F`qGJR`Ă$ɷȃƪŊŇ Cys65 )ǜĥǗ£ȓƥĝ
;'7¹»¤àÕóõäÓæÕôÀÊÍNF=<¬yÀ¿Í¥ɷȃáňȆ








q½t´Í°½Ð?Ë«À²¸¥°ÂtD¤Ç» in vitro Âo¼ L-PGDS ¬
M8	&½t´Í°½Ðh²¸¥Æ¸¤NMRÀÊÍñÖôåÞÔäóõÛïô)¡Â
tD¤ªÊÄ¤`\JMRu{R}nM~v HADDOCK '7:I
`åá×ôÙîãòÂGnÀÊÌ¤NADPH Ã L-PGDS Â cavityÀt²»¨
Í°½¬h±Î¸¥±ËÀ¤NADPH 'ĥ: L-PGDS )ȉêȻòŊ NADPH $


















































 Ğʠ'¨Ǌ NADPHNADP+NADH7, NAD+* Nacalai Tesque 
Ǩ79ɕ½_j* Sigma-Aldrich Ǩ79ɕ½U-46619 *
Cayman Chemical Ǩ79ɕ½)).")ÆƆǊɃȬ* Wako Pure 




 tDT L-PGDS)RMaqn[`#: 1-24ǐƛĂ>ʈ8'ȭǖ
ɔÆĕʃ'ʃɯSTlB`ȉê)ŀœ>ɳ:4'STlB`ȉ
ê>ŀœ": Cys89,186 > Ala 'ȓŦĊǑ¥>ö) ITC 7,
NMRǡǱ'Ǌ1ȉŻÖĞʠ#*Ďƿ) Cys89-186ʃSTlB
`ȉêċ)STlB`ȉê)ŀœ>ɳ:4 65£) Cys> Ala#ȓŦ
ĊǑ¥>Ǌ;8) L-PGDSĊǑ¥*ɻǈÿ) L-PGDS $Ơ.
"ǓƢŊ¤ÆĕȉêƪŊìǮĸ#:$ăï;"9[15,16]8
'ɻǈÿ79ʀſʃěĝ#:4ĞʠɃů$"ɱ" 
 tDT L-PGDS ) cDNA *ÀìǡǱȗ#:ǻƨčĘûʊȋêǞǝ×ǫĘ
ǡǱƖƏʦWPI-IIISʧ)ȴÅȣÜūŢ'7"Ûʍ;GST(Glutathion S-
transferase)-fusionȭǖǔǅn~Tu`#: pGEX-2T(GE healthcare)'ȇ2ɠ
1;)n~Tu`>čȞȨ BL21(DE3) (Nippon Gene))Ok]_V
'ħ½łčȞȨ> LBAāý'112Ÿʃ 37 	#n_āʜ
#œʀOb> 1 mL) LBAƯ¥āý-Ñ
37 	)ŋƵƑ
# 12 ŸʃāʜƘ') LBAƯ¥āý> LBAƯ¥āý 100 mL'ǭ
37 	#Źāʜ8';> LBAƯ¥āý 1 L-ǭ 37 	#āʜ
"ȨĥŭĈƜ O.D.660 0.6~0.8$&Ÿƽ#(ȁ 3Ÿʃł) IPTG'7





 1 PBSȏȰƯ 40 mL'Ȩ¥>Œƻł)Ȩ¥ŒƻƹƯ>ɘʔƨ
ǣǢ)ŒƻƯ>ɰŇÆʍ(10,000 rpm, 30 min, 4 °C)ƳǎÆ>ń
)ƳǎÆ> 2ĸlBY(5.0 µm, 0.45 µm, MILLEX-HV, Millipore)Äǆ
GSTAlBb]BH~v(Glutathion Sepharose 4B, GE healthcare)-ƫ
)ł PBS 50 mLǏʓƪŊÍ½9 PBS 50 mL#H~v>ƩƬH
~v'Tj>ƲÑğƵ# 10 ŸʃŪȓ" GSTȮêȭǖɔ)8 L-
PGDS>ɬʍ)łH~v' PBS 40 mL >Ñ
L-PGDS>ƹÅ
Ƙ')ƹƯ> 1 mL1#ƼȑlBYÄǆ(0.22 µm)łN<ɮ
>ȯN<ɮH~v* Superdex-75(GE healthcare)>ǊN<ɮł




MicroCal iTC200 RT]v(GE Healthcare)>ǊǀɼƶĝĞʠ'79L-
PGDS $ NADPHNADP+NADH7, NAD+$)ǜ§ǊȽƆ>ȯ
ƶĝ'ǊȭǖɔƹƯ)ȇœ*0.2 mM) L-PGDS>î3ȝơ pH 8.0
) Tris-HClȏȰƯ(50 mM)$PnV'ºĆNADPHNADP+













ΔG = RT lnKd                                                                       (1)    
ΔG = ΔH – TΔS                                                 (2) 
(R *ơ¥ĝŭT *ǀÏĘƵĸ) 
 
 ń8;ȉêĞʠ)ǀÏĘh~wY* 3 ö)ƶĝ)Ĵþ²#9
ıɹǀ>ȵƙł Table 1';;Ǧ 
 
NMRƺĝĞʠ 
 NMR ƶĝ* Agilent Technologies Ǩȶ INOVA 600 #ȯnm*
1H/13C/15N Zɜ PFGɺÀʢÿ>ǊƶĝƵĸ* 27.5 	$TqL_
) FTÄǆ* NMRPipe (NIH)>¨Ǌ[35]NMRƶĝ'7"ń8;^
Y*NMRView'7"ȽƆ>ȯ[36]  
 ƶĝ'ǊɃů)ƹĔȇœ* pH 7.0 ) Tris-HCl ȏȰƯ(10 mM) 90ʥà,ɺ
Ƣ 10ʥ#YhLɔƼĸ* 0.5 mM$bO[Au`ȵɷȃ*ìƹĔ#
I`)Ƽĸ* 5 mM $ƺĝĞʠ*L-PGDS ƹƯ'ĥ4  )I





CSP = Δδ*+	×-*+ . + Δδ+	×-+ .                             (3) 
 ΔδHN$ΔδN*;;1H$ 15N)ÖĘRl_ŨÔ#ɺ2¬ŭ* WHN 






NADPH $ L-PGDS $)ȉêx^)§œ*`\JMRu{R}
nM~v HADDOCK 2.2 (High Ambiguity Driven biomolecular Docking)>Ğ
ȳ HADDOCK WebPg>Ǌ[27,28]YhLɔ)`\JMÆ
ĕ)ÈſƏɨ*ȭǖɔƏɨ^YgL(PDB)'Ǖɾ;": L-PGDS)
ƹƯƏɨ(PDB ID: 2KTD) [30])8§œ1NADPH) PDBl@C
*G~C PRODRGPg'7"§œ[37]Ƙ' NACCESS [38]
>Ǌ"AueɸƛĂ)ƹĔʏÅĸ(solvent accessibility)>ȿǼL-PGDS
)Ǵ¥Əɨ'"ɿ:*´ɿ)ƹĔʏÅĸ 30% #ÖĘR









L-PGDS)Ƽĸ 20105 mg/mL'&:7	' 5 mM Tris-HCl (pH8.0)ȏ
ȰƯ'ƹȽȉŻÖǊPnƹƯ$éƼĸ) L-PGDS$ PGH2ěĝ
Ɇħ¥ U-46619>xƠ# 1:5$&:7	'ɉȶƱêƯ>ƣ)# 30Æ
ȓ"ȉŻÖ>ȯȉŻÖƄ ' "*Kumasaka8ǔȱɬʍ












Řƶĝ>ȯčÿŪĦ¼ųɁ SPring-8 )jv~C BL38B1 '"ƨʀ





ŵ' X ȎȉŻƏɨăï;":ɬʍÿ Cys65Ala L-PGDS )Ǵ¥Əɨ
(PDB ID: 2CZT) [16]>ǊnM~v MOLREP [41]'79ÆĕȓŦƧ#£
ǜ)ƥĝ>ȯń8;Əɨx^' "nM~v COOT [42]>Ǌ
ǚȺ'7: 2Fo-Fcʎĕģĸt\n'ĥ:x^¯ƙ7, PHENIX 
Program Suit)nM~v phenix refine [43]>ǊǿģÖ$ŖÔ'7:Ƣ
Æĕ)x^M>ȯƏɨǿģÖ$x^M>Ȓ9ɢŽȆǗ'
Rfactor²7, Rfree²0.2317, 0.285#:Əɨx^>ńń8;
ƏɨǿģÖ'ʄ=:ȋȿ²$ʎĕģĸ* Table 47, Fig. 14'Ǧ 
  
Table 5. L-PGDS/U-46619ȷê¥)ȉŻÖƄ  
Ƶĸ 20 	 
ŖƧ fKM`\nȪơśŬƧ 
PnƼĸ 10 mg/mL 
PnȏȰƯ 5 mM Tris-HCl pH8.0 
`\nġɼ PnƹƯ 1 µL +QgƹƯ 1µL 
QgƹƯ 0.1 M Tris-HCl pH8.3 
 2 M tɸa_Dv 
 14% 1,4-SGJP 
	 48 
ɾ 
Table S1. L-PGDS/NADPH ȷê¥)ÖĘRl_
ƛĂǐè HN (ppm) N (ppm)   
Gln25 8.348 124.429   
Gly26 8.382 109.998   
His27 7.900 119.250   
Asp28 8.294 121.366   
Thr29 8.081 116.135   
Val30 7.693 119.354   
Gln31 8.460 127.207   
Pro32 # #   
Asn33 8.698 120.418   
Phe34 7.969 118.969   
Gln35 7.425 128.568   
Gln36 8.697 125.337   
Asp37 8.595 114.105   
Lys38 6.855 116.577   
Phe39 7.461 119.403   
Leu40 6.678 111.985   
Gly41 8.919 108.000   
Arg42 8.660 121.738   
Trp43 9.220 130.430   
Tyr44 9.710 118.024   
Ser45 9.058 119.291   
Ala46 8.810 126.418   
Gly47 7.896 108.068   
Leu48 9.097 125.067   
Ala49 8.841 124.124   
Ser50 7.198 113.853   
ƛĂǐè HN (ppm) N (ppm)   
Asn51 7.755 120.262   
Ser52 8.218 116.302   
Ser53 - -   
Trp54 - -   
Phe55 7.170 121.306   
Arg56 7.842 117.247   
Glu57 7.631 115.949   
Lys58 7.585 117.131   
Lys59 7.477 118.454   
Ala60 7.930 117.705   
Val61 7.957 110.126   
Leu62 6.635 120.753   
Tyr63 - -   
Met64 8.792 121.427   
Cys65 7.868 121.450   
Lys66 - -   
Thr67 9.304 125.401   
Val68 8.957 126.583   
Val69 9.316 130.666   
Ala70 9.301 133.987   
Pro71 # #   
Ser72 8.043 117.833   
Thr73 - -   
Glu74 8.199 118.484   
Gly75 7.758 106.520   
Gly76 7.784 108.679   
	 49 
ƛĂǐè HN (ppm) N (ppm)   
Leu77 8.340 120.532   
Asn78 9.407 120.036   
Leu79 9.277 127.068   
Thr80 8.897 121.615   
Ser81 9.472 126.310   
Thr82 8.845 120.815   
Phe83 8.861 124.899   
Leu84 8.545 122.366   
Arg85 8.584 124.062   
Lys86 - -   
Asn87 8.650 113.470   
Gln88 - -   
Ala89 8.511 126.137   
Glu90 8.781 124.001   
Thr91 8.411 119.676   
Lys92 9.014 126.088   
Ile93 - -   
Met94 8.992 127.671   
Val95 8.589 125.775   
Leu96 9.297 128.240   
Gln97 9.377 125.227   
Pro98 # #   
Ala99 8.137 126.919   
Gly100 8.016 108.550   
Ala101 8.093 126.883   
Pro102 # #   
Gly103 8.224 111.803   
His104 7.644 118.661   
ƛĂǐè HN (ppm) N (ppm)   
Tyr105 9.283 122.998   
Thr106 9.503 112.687   
Tyr107 8.805 120.538   
Ser108 8.197 120.983   
Ser109 9.065 126.891   
Pro110 # #   
His111 - -   
Ser112 - -   
Gly113 7.941 111.276   
Ser114 7.866 115.910   
Ile115 8.276 123.217   
His116 9.257 127.782   
Ser117 9.093 117.702   
Val118 - -   
Ser119 9.075 121.232   
Val120 8.523 124.782   
Val121 8.363 128.837   
Glu122 7.169 113.559   
Ala123 8.710 124.478   
Asn124 - -   
Tyr125 - -   
Asp126 - -   
Glu127 7.969 118.825   
Tyr128 9.334 118.462   
Ala129 9.032 120.336   
Leu130 8.925 123.387   
Leu131 8.928 124.707   
Phe132 9.207 121.200   
	 50 
ƛĂǐè HN (ppm) N (ppm)   
Ser133 9.075 125.237   
Arg134 8.663 120.981   
Gly135 8.169 109.662   
Thr136 8.551 113.342   
Lys137 8.086 122.326   
Gly138 8.504 111.714   
Pro139 # #   
Gly140 - -   
Gln141 7.966 119.639   
Asp142 8.418 116.988   
Phe143 8.208 121.813   
Arg144 - -   
Met145 8.574 122.149   
Ala146 9.795 132.415   
Thr147 9.191 118.226   
Leu148 8.401 128.539   
Tyr149 9.396 127.745   
Ser150 9.788 113.538   
Arg151 8.659 126.183   
Thr152 8.248 108.441   
Gln153 5.944 121.302   
Thr154 7.286 109.420   
Leu155 8.535 124.393   
Lys156 8.202 124.250   
Asp157 8.930 124.480   
Glu158 9.550 118.482   
Leu159 7.277 119.670   
Lys160 7.391 119.836   
ƛĂǐè HN (ppm) N (ppm)   
Glu161 7.863 119.865   
Lys162 7.792 120.535   
Glu163 8.555 119.257   
Thr164 8.801 120.213   
Thr165 8.615 118.754   
Phe166 8.287 122.714   
Ser167 8.067 115.850   
Lys168 8.063 121.644   
Ala169 7.711 123.490   
Gln170 7.063 114.011   
Gly171 7.708 79.887   
Leu172 7.362 121.166   
Thr173 9.090 111.986   
Gly174 9.146 118.625   
Glu175 8.121 115.922   
Asp176 7.846 118.982   
Ile177 6.910 117.188   
Val178 9.233 126.182   
Phe179 8.686 124.907   
Leu180 7.499 125.818   
Pro181 # #   
Gln182 - -   
Pro183 - -   
Asp184 8.168 119.787   
Lys185 7.878 120.092   
Ala186 8.224 123.782   
Ile187 8.089 119.627   
Gln188 8.307 125.292   
	 51 
ƛĂǐè HN (ppm) N (ppm)   
Glu189 8.080 128.455   
 
- correspond to non-available data due to weak peaks caused by signal broadening. 
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